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Introduction: Mortality of trauma patients is strongly associated with Injury Severity Score (ISS).
However, the interaction between ISS and age has not been studied extensively. We evaluated ISS in
different age groups in relation to mortality rate.
Materials and methods: This was a retrospective review of 955 trauma patients who visited Mackay
Memorial Hospital during JanuaryeDecember 2009. Age, sex, emergency department (ED) stay time,
hospital stay time, out-of-hospital cardiac arrest, in-hospital cardiac arrest, ED survival rate, emergency
operation, and mortality were analyzed. Patients were separated into two groups by age below or above
65 years, and hospital courses and mortality rate were compared.
Results: Nine hundred and ﬁfty-ﬁve trauma patients visited our ED in 2009: 212 in the aged group (99male
patients; 46.7%) and 743 in the young group (472male patients; 63.5%). The mean age of the elderly group
was 77 8 years (mean standard deviation), and 38 16 years in the young group.Mean ISSwas 12 12
in the elderly group and 10 13 in the young group. The mean ED stay time was 2.9 3.8 hours for the
elderly group and 3.0 4.6 hours for the young group. One hundred and sixty-three patients were
admitted and the mean hospital stay time was 12.7 13.6 days in the elderly group, whereas 559 patients
were admitted and the mean hospital stay time was 9.9 13.7 days in the young group (p¼ 0.018). The
mortality rate among hospitalized patients was 3.1% in the elderly group and 2.9% in the young group. On
receiver operating characteristic curve analysis, the optimal cut-off ISS for mortality rate among young
patients (area under the curve: 0.899) and elderly patients (area under the curve: 0.782) was 17 (sensi-
tivity: 81.3%; speciﬁcity: 88.7%) and 14 (sensitivity: 80%; speciﬁcity: 82.3%), respectively.
Conclusion: The elderly group seemed to have no signiﬁcant difference from the younger group for
mortality rate, ED stay time and hospital stay time. In the elderly group, lower ISS predicted a higher
mortality than in the younger group.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
The demand of developing tailored health care for elderly
patients is dominated by the rapid growth in the aging population.
The number of people aged  65 years will reach as high as 20% of
the total population by 20401. Advanced geriatric care during the
past decades has successfully prolonged adult life span and
maintained their functions for longer periods of time. A greater
percentage of elderly people remains socially active than everterest.
gency Department, Mackay
oad, Taipei, Taiwan.
ang).
iwan Society of Geriatric Emergenbefore. Such changesmay increase the likelihood of an older person
suffering a traumatic injury. Falls remains the leading cause of
trauma in the elderly, however, trafﬁc accidents are increasing.
Other forms of injuries, such as burns, suicides and abuse, are also
important. Approximately 5 million persons die worldwide as
a result of injuries annually2. According to national public health
information published by Department of Health, Executive Yuan,
Taiwan, 13.2% of patients admitted to the emergency department
(ED) were aged > 65 years in Taipei city in 2002, and the number
will deﬁnitely increase in the next decade3.
Older people are more vulnerable to trauma than younger
people. As age increases, less energy is required to cause serious
damage. Greater comorbidity and reduced residual function result
inmore injuries in elderly people, resulting inmajor disabilities andcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Comparison between age groups.
Variable Age < 65 y
(n¼ 743)
Age  65 y
(n¼ 212)
p value
Age (y, mean SD) 38 16 77 8 e
Sex (male) (%) 472 (63.5) 99 (46.7) NS
ISS (mean SD) 10 13 12 12 0.048
OHCA (%) 12 (1.6) 7 (3.3) NS
ED CPR (%) 17 (2.3) 9 (4.2) NS
Mortality in ED (%) 14 (1.9) 8 (3.8) NS
Hospitalization (%) 559 (75.2) 163 (76.9) NS
Mortality during
hospitalization (%)
16 (2.9) 5 (3.1) NS
Total mortality (%) 30 (4.0) 13 (6.1) NS
ED stay (h) 3 4.6 2.9 3.8 NS
Hospital stay (d) 9.9 13.7 12.7 13.6 0.018
CPR¼ cardiopulmonary resuscitation; ED¼ emergency department; ISS¼ Injury
Severity Score; NS¼ nonspeciﬁc; OHCA¼ out-of-hospital cardiac arrest; SD¼
standard deviation.
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injury-related mortality occurs in young people aged 15e44 years,
the elderly population has a higher injury-related mortality rate
than the younger population2,5. Factors associated with recovery
from trauma are complicated, including age, sex, existing medical
comorbidity, frailty, the mechanism of injury, and socioeconomic
status. However, it is believed that the mortality of trauma patients
is most strongly associated with the initial Injury Severity Score
(ISS) following injury.
In addition to ISS, age-related physical changes during later life
reﬂect the functional reserve and the ability to recover from
trauma. Advanced age predisposes to increased susceptibility to
injury. Mortality rate increases in extremely old people when they
sustain household injuries. We questioned the signiﬁcance of ISS in
different age groups. As a result, this study evaluated the interac-
tions between the two important factors, ISS and age, regarding the
mortality and duration of hospitalization following trauma.
2. Materials and methods
2.1. Study setting and deﬁnition
This study was conducted retrospectively by using the Trauma
Registry Database in Mackay Memorial Hospital, a 1200-bed
medical centre in an urban area of Taipei city, Taiwan. As
a trauma center also, we provide 27,457 surgical ED services
annually and receive referral cases from regional hospitals.
Trauma Registry is mandatory for all patients who fulﬁll the
following criteria on an emergency visit: patients who sustain
a trauma event and require (1) hospitalization; (2) emergency or
urgent surgery; (3) medical intervention yet transfer to other
health care systems for any reason; (4) resuscitation at any time
during ED stay; or (5) patients who present with out-of-hospital
cardiac arrest from their injuries. Information for the Trauma
Registry consists of demographic data, detailed history regarding
the mechanism of trauma, medical and surgical histories, a review
of past medical records, vital physical signs on ED presentation, the
Emergency Medical System (EMS) dispatch time and management
on transportation, and a thorough review of the system to deter-
mine a score for the severity of injury. The scoring system for
trauma severity in our database includes the Injury Severity Score
(ISS)6 and Revised Trauma Score.
2.2. Study design and data collection
All records in the Trauma Registry Database between January
and December 2009were included in our study. Only the ﬁrst event
of trauma was enrolled when patients had more than one docu-
mented episode during the study period. All patients aged < 18
years were excluded. This retrospective study was approved by the
Institutional Review Board and the patient’s consent form was
waived.
Medical records of each patient enrolled were reviewed by two
emergency physicians. The primary outcome of interest in our
studywas casemortality, however, other parameters such as the ED
stay time, duration of hospitalization, rate of out-of-hospital or in-
hospital cardiac arrest, the likelihood of successful resuscitation in
the ED, and the need to perform an emergency operation were also
analyzed. The ISS used in this study indicated the scores given on
ED arrival rather than those determined after hospital discharge.
2.3. Statistical analysis
To assess the signiﬁcance of aging in trauma, patients in our
study were categorized into two groups: age  65 years and < 65years. The mean ISS, ED stay time, hospital stay time and mortality
rate were compared between the two groups by using the t test, c2
test or Fisher’s exact test as appropriate. Receiver operating char-
acteristic curve analysis was applied to determine the optimal cut-
off ISS for mortality rates. The signiﬁcance level was preset as
p< 0.05 and all analyses were performed using PASW Statistics,
version 18.
3. Results
During the 1-year study period, a total of 955 cases from the
Trauma Registry Database were enrolled. About 22.2% (212
patients) of themwere aged  65 years (Table 1). The mean ages of
the young and old groups were 38.315.8 years (mean standard
deviation) and 77.7 7.8 years, respectively. Male sex was more
predominant among the young patients, whereas in the elderly
group, the situationwas reversed. A total of 163 elderly (76.9%) and
559 young (75.2%) patients were hospitalized after their ED visits.
The severity of trauma showed no signiﬁcant difference in the
average ISS among the young (1013) and old (1212) groups.
Only 12 (1.6%) young patients and seven (3.3%) elderly patients
presented with out-of-hospital cardiac arrest from trauma, and the
rate of successful resuscitation was low. Besides, the overall
mortality rate was similar between the two age groups: 4.0% in the
elderly group and 6.1% in the young group.
Although the duration of ED stay showed no signiﬁcant differ-
ence between the two groups, the duration of hospitalization was
signiﬁcantly longer in the elderly group (12.713.6 days) than the
young group (9.913.7 days) (p¼ 0.018). On the receiver operating
characteristic curve analysis, the optimal cut-off ISS for mortality
rates among all patients [area under the curve (AUC): 0.877], young
patients (AUC: 0.899), and elderly patients (AUC: 0.782) were 15
(sensitivity: 85.7%, speciﬁcity: 81.5%), 17 (sensitivity: 81.3%; speci-
ﬁcity: 88.7%), and 14 (sensitivity: 80%; speciﬁcity: 82.3%) respec-
tively (Figs. 1e3).
4. Discussion
Trauma in elderly people has usually been considered to be
similar to all other adult trauma. However, elderly people are
different from adults because they often have pre-existing chronic
medical conditions and decreased physical reserves. Elderly people
are less likely to be injured than younger people but are more likely
to have fatal outcomes7. The predominant mechanisms of injury in
elderly people are blunt trauma, particularly falls2,7,8. As for the
severely injured cohort of patients requiring trauma team
Fig. 1. ROC curve analysis of all patients. AUC¼ area under the curve; ISS¼ Injury
Severity Score; ROC¼ receiver operating characteristic.
Fig. 3. ROC curve analysis of elderly patients. AUC¼ area under the curve; ISS¼ Injury
Severity Score; ROC¼ receiver operating characteristic.
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of injury9. However, mechanism of injury alone has previously been
shown to be a poor predictor of severity of injury10.
Pre-existing conditions (PECs) are prevalent among elderly
trauma patients. Cardiac disease, hypertension, pulmonary disease,
and endocrine disease are the most commonly observed8. None-
theless, PECs are only important predictive factors for young
patients. The effect of PECs becomes less important in patients
older than 65 years, perhaps, because at this age, chronological age
becomes the predominant predictor of mortality11.
ISS is probably the most widely correlated with geriatric trauma
outcomes. Those trauma patients with ISS > 20 are most likely to
die, especially if they are > 75 years old12,13. In two previous
studies, the mortality rate for patients with an ISS > 18 was 37%,
compared with only 4% in patients with an ISS of < 1812,14. Smith
et al have categorized patients into three subgroups according to
ISS (0e15, 16e25 and > 25). In all three subgroups, the resultsFig. 2. ROC curve analysis of adult patients. AUC¼ area under the curve; ISS¼ Injury
Severity Score; ROC¼ receiver operating characteristic.showed the same trend of higher mortality in the elderly group8.
Compared with our analysis, the overall mortality rate was similar
between the two age groups: 4.0% in the elderly group and 6.1% in
the young group. However, it is worth keeping attention on the
elderly group, because they seemed to have higher mortality than
the young patients, even when they had lower ISS scores. Two
studies have suggested that elderly patients have a higher chance of
being under-triaged, even in the presence of an established trauma
system, and this may adversely affect their overall outcomes15,16.
Survival in elderly trauma victims can be dramatically improved if
complications can be avoided8 and the severity of injury may be
underestimated, therefore, we should aggressively care for even
moderate injuries in elderly trauma patients.
Compared with previous studies, our study showed that injuries
could be classiﬁed into major and minor trauma by an ISS cut-off
value of 1517,18. A greater average ISS and longer period of
hospital stay were noted in elderly trauma patients based on our
ﬁndings. Nevertheless, there seems to be no statistically signiﬁcant
differences in ED stay time and mortality rate. Overall, a lower ISS
cut-off value predicts a higher mortality rate among elderly
patients (ISS¼ 14) compared with young patients (ISS¼ 17).References
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